A previously-derived photometric parallax of 10.10 ± 0.20 mas, d = 99 ± 2 pc, is confirmed for Polaris by a spectroscopic parallax derived using line ratios in high dispersion spectra for the Cepheid. The resulting estimates for the mean luminosity of M V = −3.07 ± 0.01 s.e., average effective temperature of T eff = 6025±1 K s.e., and intrinsic color of ( B − V ) 0 = +0.56±0.01 s.e., which match values obtained previously from the photometric parallax for a space reddening of E B−V = 0.02 ± 0.01, are consistent with fundamental mode pulsation for Polaris and a first crossing of the instability strip, as also argued by its rapid rate of period increase. The systematically smaller Hipparcos parallax for Polaris appears discrepant by comparison.
INTRODUCTION
Our current knowledge of the intrinsic properties of classical Cepheid variables relies heavily on the observational parameters derived for them. In the case of the nearest Cepheid, Polaris (α UMi, P = 3.969 days, see Turner et al. 2005) , the distance and reddening are of paramount importance for understanding its pulsation mode and evolutionary status. A well-defined space reddening of E B−V = 0.02 ± 0.01 is implied by studies of its optical companion and other stars lying in the immediate vicinity of the Cepheid (Turner 1977; Gauthier & Fernie 1978; Turner 2006 Turner , 2009 , but the distance remains a point of contention.
A photometric parallax can be inferred for Polaris using its 18 ′′ -distant F3 V companion (Turner 1977) , which is recognized to be physically associated with the Cepheid on the basis of common proper motions and radial velocities (Kamper 1996) . The distance derived from zero-age main-sequence (ZAMS) fitting for Polaris B is 101±3 pc (Turner 2006) , or 109.5 pc from a spectroscopic investigation (Usenko & Kloshkova 2008 ). An investigation of spatially-adjacent A, F, and G-type dwarfs within 3
• of Polaris observed by Hipparcos (ESA 1997) reveals two distinct groups lying along the line of sight (Turner 2004) , of which only the closer contains stars of comparable proper motion and radial velocity to the Cepheid. The stars also concentrate spatially towards Polaris, and appear to constitute the remains of a sparse cluster in the final stages of dissolution into the Galactic disk. The implied distance from ZAMS fitting is 99 ± 2 pc (Turner 2006 (Turner , 2009 , and the corresponding photometric parallax is 10.10 ± 0.20 mas.
With the above reddening, the photometric distance implies M V = −3.07 ± 0.04 (Turner 2006) , consistent with fundamental mode pulsation for a 3.969-day Cepheid, along with a location near the center of the instability strip (Turner et al. 2005; Turner, Abdel-Sabour Abdel-Latif & Berdnikov 2006; Turner 2009) . A potential conflict with the Cepheid's small light amplitude, more typical of stars on the hot and cool edges of the strip, was resolved by Turner (2006 Turner ( , 2009 using the observation that Polaris appears to be in the first crossing of the instability strip. The Cepheid's implied location near strip center, despite an extremely low amplitude, can be attributed to a narrow and blueward-skewed instability strip for first crossers, in which surface convection damps pulsation at significantly warmer effective temperatures than for other crossings (see Alibert et al. 1999) . The redwards evolution of Polaris towards the cool edge of the instability strip for first crossers implied by its steady period increase (Turner et al. 2005; Turner 2009 ) is also consistent with its apparently decreasing light amplitude (Turner 2009) .
Results for the trigonometric parallax of Polaris differ from those implied by its photometric parallax. Refractor parallaxes summarized by van Altena, Lee & Hoffleit (1995) yield a parallax of 4.0 ± 3.3 mas for Polaris, but that does not appear to account for a magnitude dependence in the original Allegheny parallaxes, attributed to use of a rotating sector to diminish the flux from bright stars (Hanson 1978) . If the magnitudedependent correction found by Hanson & Lutz (1983) is applied, the older parallaxes summarized by Jenkins (1952 Jenkins ( , 1963 , calibrated relative to Allegheny parallaxes (e.g., Wagman 1956 ), yield a best value of 11 ± 4 mas for the trigonometric parallax of Polaris, in agreement with the photometric result.
In contrast, the Hipparcos parallax of 7.56 ± 0.48 mas (ESA 1997), or 7.54 ± 0.11 mas from the new reduction (van Leeuwen 2007) , implies a distance of 133 ± 2 pc to Polaris. At that distance with the reddening cited previously, the luminosity of the Cepheid is M V = −3.62 ± 0.05, which implies overtone pulsation, consistent with its sinusoidal light curve and small amplitude. But the intrinsic color of ( B − V ) 0 = +0.56 ± 0.01 still leaves Polaris well inside the hot edge of the instability strip, and its rapid rate of period increase implies either a first or higher than third crossing of the instability strip, with an expected increasing light amplitude. That conflicts with the results for other small amplitude Cepheids as well as the long-term decreasing light amplitude observed prior to the 1965 "glitch" (Turner 2009 ). In addition, the A, F, and G-type dwarfs in the vicinity of Polaris lying at distances comparable to that inferred from the Hipparcos parallax do not share the proper motion or radial velocity of the Cepheid (Turner 2004) , producing further inconsistencies.
Such contradictions were overlooked when Feast & Catchpole (1997) and van Leeuwen et al. (2008) used Polaris as an overtone pulsator to calibrate the Cepheid periodluminosity relation using Hipparcos parallaxes. The Hipparcos parallax was also adopted by Weilen et al. (2000) and Evans et al. (2008) in their analyses of the orbit of the F6 V radial velocity companion, Polaris Ab, as well as by Nordgren et al. (2012) with the star's measured angular diameter to estimate its radius. The process can be inverted for the angular diameter, however, and in combination with the well-established periodradius relation for classical Cepheids (Turner & Burke 2002; Turner et al. 2010 ) yields distance estimates of 93 ± 2 pc (θ LD ) and 97 ± 2 pc (θ UD ) for fundamental mode pulsation, and 122 ± 3 pc (θ LD ) and 128 ± 3 pc (θ UD ) for overtone pulsation, where θ LD and θ UD apply to the limb-darkened and uniform disk solutions, respectively. Agreement with the results from the parallax solutions is less than ideal. Orbital radial velocity residuals (Lee et al. 2008 ) and tests of possible parameters for close orbital companions to Polaris (Turner 2009 ) also suggest the possibility of an extra star in the Polaris A subsystem, so an independent test of the distance, luminosity, and pulsation mode of the Cepheid would be useful.
Spectroscopic parallaxes can be derived for Cepheids using line ratios, the basis of temperature and luminosity (log g) discrimination in Morgan and Keenan (MK) spectral classification (Gray & Corbally 2009 ). Kovtyukh and his collaborators (Kovtyukh 2007; Kovtyukh et al. 2010 Kovtyukh et al. , 2012a have taken the technique to its natural limits by using high dispersion spectra and all possible line ratios, in conjunction with calibrations on T eff and M V , to establish the luminosities and effective temperatures of yellow supergiants and Cepheids with very high precision. Deatils of the calibration philosophy using line ratios involving primarily iron peak elements in the spectra of supergiants of well established luminosity are provided by Kovtyukh & Chekhonadskikh (2009) . Typically the precision averages ±0 m .26 in absolute visual magnitude (M V ) for a single line ratio in Cepheids, but with so many line ratios available per spectrum, of order 40-70 (Kovtyukh et al. 2012b) , the precision reached per spectrum reaches a few hundredths of a magnitude.
The method, although calibrated using yellow supergiants, was established with the aim of studying Cepheid variables, and was used recently by Kovtyukh et al. (2012b) to examine the pulsation modes of three sCepheids, with fairly robust results: V1334 Cyg (first overtone), V440 Per (fundamental mode), and V636 Cas (fundamental mode). It is ideal for learning more about Polaris, another s-Cepheid of extremely small amplitude and an object that is bright and readily accessible from northern hemisphere sites. The present study addresses the ongoing problem of the distance and pulsation mode of Polaris using its spectroscopic parallax. 
OBSERVATIONS AND DATA REDUCTIONS
Observations of Polaris were obtained using the 6-m Large Azimuth Telescope (BTA) of the Special Astrophysical Observatory of the Russian Academy of Sciences equipped with the Nasmyth Echelle Spectrometer (NES, Panchuk et al. 2009 ), which has a resolving power of R ≈ 60 000 within the wavelengh range 4380-6690Å. The signal-to-noise ratio at the continuum level in each of the 20-27 spectral orders exceeds 70. A thoriumargon lamp was used for wavelength calibration, and the data reduction was carried out using the MIDAS software ECHELLE modified for extraction of echelle spectra obtained with an image slicer . The spectra were extracted from the CCD images in the usual fashion: bias subtraction, flat-fielding, cosmic ray removal, and wavelength calibration.
Spectra were also obtained with the fiber echelle-type spectrograph HERMES, mounted on the 1.2-m Belgian telescope on La Palma. A high-resolution configuration with R = 85 000 for the wavelength region 3800-9000Å was used. The spectra were reduced using a Python-based pipeline that includes order extraction, wavelength calibration with Th-Ne-Ar arcs, flat field division, cosmic-ray clipping, and order merging. Further details of the spectrograph and pipeline are given by Raskin et al. (2011) . The dates of observation are indicated in Table 1 .
RESULTS
The results of the analysis are summarized in Table 1 and plotted as a function of pulsation phase in Fig. 1 , where the phases were calculated with the regular period increase removed (Turner et al. 2005; Turner 2009 ). The plotted gray bands are not least squares solutions to the data. They represent the values with their cited uncertainties determined for Polaris by Turner (2006) from the photometric parallax in conjunction with the reddening inferred from its companion. The observations themselves are fairly randomly distributed in phase around the Cepheid's cycle, and yield weighted mean values of M V = −3.07±0.01 s.e., and T eff = 6025±1 K s.e., identical to predictions (Turner 2006) . They confirm the previous conclusion that Polaris is a fundamental mode pulsator. If it were pulsating in an overtone mode at the distance implied by its Hipparcos parallax, the observational data would yield significantly greater luminosities closer to M V ≃ −3.6.
Curves in Fig. 1 represent the expected sinusoidal variations in visual light and a Fourier fit to the effective temperature estimates. The data are precise enough to track pulsational changes in the latter. The star reaches highest effective temperature two tenths of a cycle prior to maximum light near minimum radius, and lowest effective temperature seven tenths of a cycle later near maximum radius. The temperature variations are skewed, unlike the more sinusoidal light variations, with a variation of ∼ 75 K in temperature over the course of a cycle. The color variations predicted by the estimates of effective temperature (see Turner & Burke 2002; Turner et al. 2010 ) mimic the temperature changes in displaying skewness, and yield an unweighted mean value of ( B − V ) 0 = +0.56±0.01 s.e. for Polaris. By comparison, the changes in absolute magnitude appear to be relatively small and sinusoidal, as observed for the visual light variations. Although the predicted and actual changes are similar, scatter in the individual estimates hinders more definitive conclusions. The trends are otherwise as expected for a fundamental mode pulsator.
The abundance patterns in Polaris (Usenko et al. 2005) -are those of a star displaying the products of core CNO processing at its surface. Sometimes that is taken to be a signature that a Cepheid has passed through the red supergiant stage, where deep envelope convective dredge-up is thought to bring core-processed material to the stellar surface (Mowlavi 1999a,b) . But some stellar evolutionary models do not involve a dredge-up stage for red supergiants (e.g., Bono et al. 2000) , and Maeder (2001) has noted that most B-type stars in late main-sequence hydrogen burning stages prior to evolution towards the Cepheid instability strip already display CNO-processed material in their atmospheres. Rapid rotation during mainsequence stages in conjunction with meridional mixing of core material to the stellar surface is sufficient to explain the abundance patterns in Cepheids (see Turner & Berdnikov 2004) , and that may be the case for Polaris, i.e., its progenitor was a rapid rotator as a B-dwarf. The atmospheric abundances of Polaris A and B (Usenko et al. 2005; Usenko & Kloshkova 2008) are otherwise indicative of slightly metal-rich stars with [Fe/H] = +0.07.
POLARIS AS A FIRST-CROSSING CEPHEID
A potential problem with the spectroscopic parallax concerns the conclusion reached previously that Polaris is in the first crossing of the instability strip, as inferred from its observed rate of period increase of ∼ 4.5 s yr −1 (Turner et al. 2005; Turner 2009 ). Neilson et al. (2012) argue that the value appears smaller than what is predicted by stellar evolutionary models , and propose a higher strip crossing mode for Polaris that includes a component of the Cepheid's period increase arising from mass loss.
There is an alternate solution. In their comparison of observed rates of period change in Cepheids with those predicted from stellar evolutionary models, Turner et al. (2006) employed a semi-empirical approach (Turner 1996; Turner & Burke 2002) (Turner 2012) . With that adjustment the predicted rates of period change are modified to:
The effect is to reduce the predicted rates of period change for Cepheids in the first crossing of the instability strip, as depicted in Fig. 2 . The observed rate of period increase for Polaris is now fully consistent with a first crossing of the instability strip, without the need to postulate mass loss or overtone pulsation for a different strip crossing. The observed rate falls so close to the minimum predicted rate, in fact, that mass loss in the Cepheid must be almost negligible.
SUMMARY
An independent test of the phase-dependent variations in luminosity and effective temperature of Polaris is made using line ratios in high dispersion spectra for the star, calibrated using stars of similar metallicity to the Cepheid. The observational results are relevant to the star's distance and pulsation mode. The derived absolute magnitudes M V and effective temperatures T eff coincide exactly with similar parameters predicted from the star's photometric parallax (Turner 2006) . The spectroscopic and photometric parallaxes both imply a distance to Polaris of 99 ± 2 pc. The associated Hipparcos parallax for Polaris (ESA 1997; van Leeuwen 2007) appears to be discrepant by comparison.
The results are consistent with fundamental mode pulsation in Polaris, as well as with a first crossing of the instability strip. A correction of previously-published predictions for first-crossing Cepheids ) to account for a more correct period-mass relation for Cepheids brings the observed rate of period increase in Polaris into good agreement with predictions from stellar evolutionary models.
